Introduction {#sec0001}
============

Gliomatosis Cerebri (GC) is a rare and universally fatal pattern of growth of diffusely infiltrating glioma [@bib0001]. Prognosis is poor, with a 14-month median survival time from diagnosis, despite aggressive treatment. Characteristic imaging findings include confluent areas of abnormal signal on magnetic resonance imaging (MRI) that enlarge affected structures and involve 3 or more lobes of the brain [@bib0001]. However, these imaging findings are nonspecific and can mimic several other pathologic processes, including demyelination, inflammatory diseases (such as encephalitis and vasculitis), and multifocal or multicentric glioma. Clinical findings in GC are also broad and non-specific with the most common presenting symptoms being seizures, altered mental status, headaches, and dementia. Definitive diagnosis can only be made with tissue biopsy, which demonstrates diffusely infiltrative neoplastic cells with preservation of underlying brain architecture [@bib0001]. While the differential diagnosiscan be broad, GC can more confidently be suggested over demyelination and inflammatory processes when certain features on MRI, MR perfusion and spectroscopy are identified in the appropriate clinical setting.

Case report and imaging findings {#sec0002}
================================

A 53-year-old woman without significant past medical history presented to the emergency department with left-sided hemiparesis for 3 months accompanied by headache and ataxia. Complete hematologic workup was within normal limits during the hospital stay with the exception of an isolated episode of leukocytosis to 15.9, which resolved uneventfully. Lumbar puncture and multiple cerebrospinal fluid (CSF) studies were performed, all of which were negative, including cell count, protein, cytology, flow cytometry, myelin basic protein, oligoclonal bands, angiotensin-converting enzyme, herpes simplex virus and Epstein-Barr virus polymerase chain reaction (PCR), and titers for Lyme disease and venereal disease research laboratory.

Noncontrast computed tomography (CT) of the head on presentation ([Fig. 1](#fig0001){ref-type="fig"}) demonstrated ill-defined areas of hypoattenuation in the right high parietal and left basal frontal white matter suspicious for vasogenic edema with generalized narrowing of the fissures and sulci. The basilar cisterns were patent with no midline shift or evidence of herniation. CT angiography of the head and neck revealed no stenosis, aneurysm, or vascular malformation.Fig. 1Non Contrast Axial CT images demonstrating areas of hypoattenuation centered in the white matter concerning for vasogenic edema in the frontal and parietal lobes (arrows).Fig 1

Contrast enhanced MRI of the of the brain demonstrated multiple confluent areas of hyperintense signal on fluid attenuation inversion recovery (FLAIR) and T2-weighted images (T2WI) in the white matter of the frontal and parietal lobes bilaterally, the overlying right parietal and inferior left frontal lobe cortex and extension into the corpus callosum, septum pellucidum, and fornix with mild expansion of these structures ([Fig. 2](#fig0002){ref-type="fig"}). Abnormal FLAIR and T2 signal also extended along the corticospinal tracts into the internal capsules and brainstem bilaterally. Post contrast T1WI demonstrated no abnormal enhancement ([Fig. 3](#fig0003){ref-type="fig"}). MRI of the whole spine revealed no associated cord lesions. Subsequent MR spectroscopy ([Fig. 4](#fig0004){ref-type="fig"}) within an area of abnormal signal in the right high parietal deep white matter revealed elevated choline (Cho) and markedly increased myoinositol peaks, decreased N-Acetylaspartate (NAA) and significantly decreased NAA/Creatine (Cr) and NAA/Cho ratios of approximately 0.8 (normal NAA/Cr \>1.6 and NAA/Cho \> 1.2; [Fig. 4](#fig0004){ref-type="fig"}).Fig. 2Axial (A, B) and sagittal FLAIR (C) images showing increased signal of the left frontal and bilateral parietal lobes with exstension into the overlying cortex (arrow, A) septum pellucidum and fornix (arrow, B), and corpus callosum (arrowhead B, C) with expansion of these structures.Fig 2Fig. 3Axial T1-weighted post contrast fat saturated image demonstrates no enhancement in the affected areas of the brain, including the areas of expansion.Fig 3Fig. 4Single voxel MR spectroscopy using point resolved technique (PRESS) at TE of 31 evaluating the right parietal lobe demonstrates a markedly elevated myoinositol peak (arrow) at approximately 3.5 ppm as well as altered choline (Cho), creatine (Cr), and N-Acetyl Aspartate (NAA) peaks.Fig 4

The combination of neurocognitive deficits and extensive FLAIR hyperintensities in the cerebral white matter and corpus callosum initially suggested a demyelinating disease, such as multiple sclerosis and progressive multifocal leukoencephalopathy. Cortical involvement and expansion of affected structures in this case also raised the possibility of an encephalitis or primary brain tumor. Absence of leukocytosis, fever, HIV, or other immunocompromised status and normal serologic and CSF studies lowered the suspicion for MS, PML, and encephalitis. Diffusely infiltrating tumor was then thought to be the most likely diagnosis; lack of enhancement, markedly elevated myoinositol on MR spectroscopy and widespread involvement of the brain pointed towards GC or low grade multicentric or multifocal glioma. As such, neurosurgery was consulted and performed a stereotactic brain biopsy of the left frontal lobe 3 weeks after initial presentation.

Histopathological studies revealed hypercellular white matter with infiltrating astroglial tumor cells that were diffusely immunopositive for glial fibrillary acidic protein. Genetic tumor assay was negative for isocitrate dehydrogenase type 1 and 2 mutations, and positive for missense mutation of phosphatidylinositol 3-kinase catalytic subunit (PIK3CA). The invading tumor cells exhibited minimal pleomorphism with no mitosis, vascular hyperplasia, or necrosis observed. The Ki-67 labeling index was lower than 5%. Tissue was noted to have preserved underlying cytoarchitecture despite tumor cell invasion. These histopathologic findings and genetic markers combined with the morphologic and MR spectroscopy features of our case were consistent with diffuse low-grade glioma (World Health Organization type II) exhibiting GC pattern of growth.

Radiation and medical oncology planned an outpatient treatment regimen consisting of whole brain radiation therapy with adjuvant procarbazine, lomustine, and vincristine. Unfortunately, the patient was lost to follow-up 1 month after diagnosis.

Discussion and literature review {#sec0003}
================================

As per the World Health Organization, GC is classified as a type of growth pattern within the category of a diffuse glioma involving at least 3 contiguous lobes [@bib0001]. GC has conventionally been classified as either primary or secondary. Primary GC arises *de novo* and is further classified into 2 types; type I is a diffuse neoplastic growth without a clear solid tumor component, whereas type II includes an obvious tumor mass in addition to its diffuse component [@bib0002]. Secondary GC arises from malignant transformation of a previously diagnosed glioma and is associated with prior radiation or antiangiogenic therapy [@bib0002]. GC is a very rare entity with an overall annual incidence rate of 0.15 cases per million, and comprises roughly 1/400 of all glial tumors with a slight male predominance (M/F 1.4) [@bib0002]. Prognosis is poor, with a 1- and 5-year overall survival rate of 50% and 18%, respectively, and a median survival time of 14.5 months [@bib0003]. Negative prognostic factors include increasing age and rural residence, and positive prognostic factors include tumor location restricted within the cerebral hemispheres [@bib0002].

Clinically GC patients will often complain of a variety of symptoms due to the multiple structures affected. A large case series by Georgakis et al. of 1648 patients found that seizures, associated with temporal lobe involvement, were present in roughly half of all patients; headache, associated with increased ICP, in 36% of patients; cognitive decline, associated with wide spread disease, in 32%; focal motor deficits, associated with motor cortex involvement, in 32%; and gait abnormalities, associated with cerebellar involvement, in 15% [@bib0004]. Rare, but important, complaints include blurred vision due to tumor involving of the optic nerves and pathways, cranial nerve palsies via involvement of the brainstem, and atypical parkinsonian syndromes via involvement of the basal ganglia [@bib0004],[@bib0005]. The clinical exam findings and imaging/anatomical correlates of this case include left-sided weakness corresponding with involvement of the right paracentral lobule and corticospinal tract and global headache that was most likely related to increased ICP as evidence by diffuse effacement of the sulci and fissures.

The molecular changes associated with GC are still being described in the literature. While negative in our case, a mutated isocitrate dehydrogenase gene is associated with a more favorable prognosis in gliomas across all histologic grades and subtypes and has been found in roughly 50% of GC cases [@bib0006]. Molecular genetic analysis on our patient\'s biopsy showed a missense mutation of PIK3CA, which is associated with tumorigenesis and is seen in most solid human cancers and some overgrowth syndromes [@bib0007]. The Ki-67 labeling index, a marker of tumor proliferation that is elevated in high-grade gliomas, was lower than 5%, consistent with low-grade tumor [@bib0008]. The invading tumor cells also exhibited minimal pleomorphism with no mitosis, vascular hyperplasia, or necrosis (consistent with low-grade tumor). Underlying cytoarchitecture was preserved, a finding specific for GC that helps differentiate it from mulicentric and multifocal glioma.

MRI is the best imaging modality to demonstrate GC due to its greater contrast resolution and ability to more conspicuously depict the specific degree of anatomic involvement. GC typically appears iso- to hypointense on T1-weighted imaging (T1WI), hyperintense on FLAIR and T2WI, and results in expansion of involved structures with absent or minimal enhancement [@bib0009]. Areas of enhancement are suspicious for either foci of high-grade glioma or malignant progression when seen on follow-up studies. Bilateral hemispheric involvement is seen in 65% of patients, infratentorial infiltration in 30% of patients, and corpus callosum involvement is found in roughly half of patients [@bib0009].

Regarding the combination of a patient\'s clinical presentation and neuroimaging results, the differential diagnosis of GC can be broad. Neurocognitive deficits in conjunction with widespread T2 hyperintensities in the cerebral white matter can be seen in many diseases in addition to GC, including demyelinating diseases (eg, progressive multifocal leukoencephalopathy \[PML\], multiple sclerosis \[MS\], or acute disseminated encephalomyelitis \[ADEM\]), cerebral vasculitis and leukodystrophies [@bib0002]. Further, the differential diagnosis of a lesion involving the white matter, corpus callosum and brainstem includes tumors (ie, infiltrating glioma or lymphoma) in addition to demyelination. Several pertinent negative clinical and laboratory features of this case pointed against an encephalitis or PML, including lack of a fever or leukocytosis, lack of HIV or other cause for an immunocompromised state and normal CSF and serologic studies.

Our case demonstrated several morphologic features on MRI favoring GC and tumor in general. While diffuse nonenhancing white matter changes and involvement of the corpus callosum can be seen in both glioma and demyelination, the presence of lesions extending to the cortex with parenchymal expansion as seen in our case ([Fig. 2](#fig0002){ref-type="fig"}) is more typical of tumor rather then demyelination. Confluent cortical involvement suggests tumor over tumefactive demyelination [@bib0010]. Conversely, MS is well known to involve the cortex and cause cognitive impairment, though cortical lesions in MS, whether focal or diffuse, typically result in atrophy rather than expansion [@bib0011] and are best seen on double inversion recovery sequences [@bib0012]. Tumefactive demyelination could also result in the expansile white matter lesions seen in our case, but typically demonstrates enhancement that often has an incomplete rim-like appearance (the "open ring sign") without significant cortical involvement [@bib0011]; no enhancement was seen in our case despite the degree of abnormal signal and parenchymal expansion. Additionally, the involvement of the septum pellucidum and fornix with expansion seen in our patient is also highly suggestive of intra axial tumor [@bib0013].

MR spectroscopy can also aid diagnosis, grading, and biopsy planning of GC. Brain metabolites commonly evaluated on MR spectroscopy include NAA, choline, and creatine. NAA is a marker of neuronal integrity and is decreased in diseases that adversely affect the brain. Choline is a cell membrane marker and is increased in processes that result in increased cell turnover, including tumor, subacute infarction, or inflammatory diseases. Creatine provides a measure of energy stores. Myoinositol is a molecule found in astrocytes that functions as an osmolyte, is involved in the protein kinase C pathway and is elevated in low grade glial tumors and demyelination, especially PML [@bib0014]. MR spectroscopy results are commonly analyzed using concentrations of metabolites as well as ratios, such as NAA/Cr, NAA/Cho, and Cho/Cr. GC patients almost uniformly have decreased NAA/Cho and NAA/Cr ratios and commonly have elevated Cho/Cr ratio within areas of hyperintensity on FLAIR and T2WI [@bib0015]. MR spectroscopy of our patient ([Fig. 4](#fig0004){ref-type="fig"}) demonstrated expected decreased NAA/Cho and NAA/Cr ratios of approximately 0.8. Myoinositol was found to be significantly elevated corresponding to diffuse low-grade tumor. Cho/Cr ratio was not found to be elevated at 1.04 (normally \<1.5), though the combination of normal Cho/Cr ratio and elevated myoinositol seen in our case has previously been reported in cases of low grade gliomas and specifically in GC [@bib0016]. High lipid/lactate peaks on MR spectroscopy are observed in areas of necrosis in high-grade tumors and associated with a poorer prognosis; these peaks were not observed on our patient [@bib0017].

MR perfusion (MRP) imaging may be useful in differentiating high grade gliomas and lymphoma from tumefactive demyelinating lesions [@bib0018]. However, MRP is less useful in differentiating GC from demyelination as both usually demonstrate low relative cerebral blood volume due to relative lack of vascular angiogenesis [@bib0019],[@bib0020] unless areas of areas of higher grade tumor are present.

Treatment options for GC are poor with no standard trial-based recommendation for the initiation of therapy. Many institutions treat patients the same as a high-grade glioma patient with upfront radiation or chemo-radiation [@bib0009]. However, radiation therapy has shown no overall survival benefit on several trials [@bib0003],[@bib0021]. There is also discussion surrounding the efficacy of the chemotherapeutic approach. NOA-5, the only prospective clinical trial published evaluating primary chemotherapy\'s efficacy in GC showed that initial treatment with procarbazine and lomustine may confer clinical benefit in patients with GC according to the NOA-5 trial [@bib0022].

Conclusion {#sec0004}
==========

GC is a rare and universally fatal pattern of growth of diffuse gliomas with clinical and imaging findings that are nonspecific and can mimic several other more common conditions, such as demyelination (including MS, PML, and ADEM) and encephalitis, which may result in delay in diagnosis and improper treatment. Several features observed in our case may suggest the diagnosis of GC over demyelination, including diffuse expansion of affected structures without significant enhancement, cortical involvement with expansion and involvement of the septum pellucidum and fornix. Furthermore, a normal or elevated Cho/Cr ratio with increased myoinositol concentration on MR spectroscopy is suggestive of low-grade glioma and GC when suspicious findings are also seen on conventional MRI. Although prognosis is poor and GC is universally fatal there is evidence that treatment confers some short-term survival benefit. It is important, therefore, to include GC in the differential diagnosis in cases of widespread infiltrating brain lesions when the clinical features are atypical or unexpected for more common diseases, and to consider early brain biopsy in those cases.
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